Circumstances in which both randomized controlled trial and observational study data are available provide an important opportunity to identify biases and improve study design and analysis procedures. In addition, joint analyses of data from the two sources can extend clinical trial findings. The US Women's Health Initiative includes randomized controlled trials of use of estrogen by posthysterectomy women and of estrogen plus progestin by women with a uterus, along with corresponding observational study components. In this paper, for coronary heart disease, stroke, and venous thromboembolism, results are first presented from joint analysis of estrogen clinical trial and observational study data to show that residual bias patterns are similar to those previously reported for estrogen plus progestin. These findings support certain combined analyses of the observational data on estrogen and the estrogen plus progestin clinical trial and observational study data to give adjusted observational study estimates of estrogen treatment effects. The resulting treatment effect estimates are compared with corresponding clinical trial estimates, and parallel analyses are also presented for estrogen plus progestin. An application to postmenopausal hormone treatment effects on coronary heart disease among younger women is also provided. cardiovascular diseases; clinical trials; cohort studies; estrogens; hormone replacement therapy; postmenopause; progestins Abbreviations: CHD, coronary heart disease; CI, confidence interval; E-alone, estrogen alone; EþP, estrogen plus progestin; WHI, Women's Health Initiative.
women with a uterus (1) . In 2004, corresponding results were reported from the randomized controlled trial of use of 0.625 mg of conjugated equine estrogen alone among 10,739 women who were posthysterectomy at baseline (2) . Both trials were stopped prematurely: the former on the basis of an elevated breast cancer risk and an assessment that overall health risk exceeded benefits over an average 5.6-year follow-up period; the latter because of, in part, an elevated stroke risk over an average 7.1 years of follow-up.
These clinical trials, as well as secondary prevention trials among women with prior cardiovascular disease (3) (4) (5) (6) (7) (8) (9) , have substantially impacted the usage patterns for postmenopausal hormone treatments. The initial WHI report of the estrogen plus progestin trial (1) was followed by more detailed reports on specific outcomes, including coronary heart disease (CHD) (10) , stroke (11) , and venous thromboembolism (12) , and corresponding detailed reports (13, 14) will appear for the estrogen trial. These papers examine clinical trial results in subsets of the study population, but precision is limited, as is the power for identifying interactions between baseline characteristics and hormone treatment.
The WHI observational study of 93,676 postmenopausal women provides an important source of data to add precision to estimated hormone treatment effects and to address a broader range of postmenopausal hormone treatment topics than the clinical trials were designed to accomplish. Women aged 50-79 years were recruited to the clinical trial and the observational study from the same underlying populations, over essentially the same time period, at the 40 WHI clinical centers. Many elements were common to the protocol and procedures, including much of the baseline questionnaire and interview data collection and major elements of outcome ascertainment.
To understand the apparent differences between estrogen plus progestin (EþP) trial results and corresponding results from observational studies, WHI investigators recently presented an analysis of cardiovascular disease outcomes in the EþP trial and the 53,054 observational study women who had a uterus and were not taking unopposed estrogen at baseline (15) . After control for potential confounding factors and for time since initiation of EþP, the WHI clinical trial and observational study results were in reasonable agreement regarding CHD and venous thromboembolism, although less so for stroke.
We begin here by presenting corresponding analyses of data from the estrogen-alone (E-alone) trial and from the 38,313 women in the observational study who were posthysterectomy and were not using EþP at baseline. We found comparative patterns very similar to those from our EþP analyses in spite of rather different hazard ratios for the two treatments. This finding suggests that residual biases in the observational study may be similar for EþP and E-alone in this population. Under this assumption, we use the EþP clinical trial and cohort data to adjust the E-alone observational study analyses, and we compare the results with the E-alone trial results for each of the three cardiovascular disease outcomes. A corresponding analysis is also carried out to adjust the EþP observational study results. These comparisons support the utility of the adjusted observational analyses, so we complete the presentation with adjusted hazard ratio estimates for E-alone and EþP for CHD in a subgroup of particular interest: women in the age range 50-59 years at the time of WHI enrollment.
MATERIALS AND METHODS

WHI cohorts
Women eligible for the study were 50-79 years of age at screening, were postmenopausal, had no medical condition associated with a predicted survival of less than 3 years, and were likely to continue to reside in the vicinity of a WHI clinical center for at least 3 years (16, 17) . For the hormone treatment trials, additional exclusionary criteria involved safety, adherence, and retention concerns (1, 2) . Women ineligible for, or not interested in, the hormone treatment trials or participating in an overlapping trial of a low-fat eating pattern were given the opportunity to enroll in the observational study, which was intended to provide new risk factor information on major causes of morbidity or mortality among postmenopausal women. All women provided written informed consent for their respective WHI activities and supplied a baseline fasting blood specimen, a medication and dietary supplements inventory, and common core questionnaires including medical history, reproductive history, family history, personal habits, psychosocial information, and a food frequency questionnaire (16) (17) (18) .
Baseline exogenous hormone use and clinical trial hormone regimens
At baseline, information on lifetime hormone use was obtained for women in the clinical trial and the observational study by a trained interviewer, assisted by a structured questionnaire and chart displaying colored photographs of various hormone preparations. For postmenopausal hormone treatment, detailed information was obtained on the preparation, estrogen and progestin dose, schedule, and route of administration. Age at starting and stopping such preparations was recorded.
Women interested in participating in the hormone treatment trials who were using postmenopausal hormone treatment at initial screening were required to undergo a 3-month washout period prior to randomization. Women with a uterus were potentially eligible for randomization to daily use of 0.625 mg of conjugated equine estrogen plus 2.5 mg of medroxyprogesterone acetate or placebo, while women with a prior hysterectomy were potentially eligible for randomization to daily use of 0.625 mg of conjugated equine estrogen or placebo. A group of 331 women with a uterus were initially randomized to daily use of 0.625 mg of conjugated equine estrogen. Following the PEPI study results (19) , data for these women were unblinded, and the women were reassigned to 0.625 mg of conjugated equine estrogen plus 2.5 mg of medroxyprogesterone acetate; data for them are included here in the combined hormone trial data, as in previous reports (1, (10) (11) (12) 15) . in the observational study who were posthysterectomy and were using either unopposed estrogen or no hormone treatment at baseline in the WHI. It is also based on data from the 16,608 women randomized to the EþP trial, along with a nonoverlapping 53,054 women in the observational study who had a uterus and were using either combined hormone preparations or no hormones at baseline.
Follow-up and outcome ascertainment
Procedures for follow-up and outcome ascertainment in the clinical trial (1, 2, 10-12, 20) involved semiannual contacts and in-clinic annual visits by participants to collect standardized information related to safety and adherence to study medications, and for structured initial reporting of clinical outcome events. In the observational study, annual mailed follow-up forms updated information on hormone treatment, updated other selected risk factor information, and used the same structured initial reporting of clinical events. CHD was defined (10) as myocardial infarction or death due to coronary disease. Stroke was defined (11) as rapid neurologic deficit requiring hospitalization and attributable to obstruction or rupture of the arterial system or a demonstrable lesion compatible with acute stroke. Venous thromboembolism comprised (12) deep vein thrombosis and pulmonary embolism requiring hospitalization. CHD and stroke in both the clinical trial and the observational study, and venous thromboembolism in the clinical trial, involved physician adjudication at each clinical center following review of pertinent documents. Venous thromboembolism in the observational study was based on self-reports of disease requiring hospitalization. In the clinical trial, confirmation rates for these self-reports of venous thromboembolism were about 80 percent. CHD, stroke, and venous thromboembolism events in the clinical trial were further adjudicated by a central committee, with agreement rates of about 95 percent for each clinical outcome (15) .
Statistical analysis
For primary analyses, we used time-to-event methods based on the Cox regression procedure (21) , with time from randomization in the clinical trial and time from enrollment in the observational study as the basic ''time'' variable. Disease incidence rates during follow-up were stratified on baseline age in 5-year categories and on WHI component (clinical trial or observational study; E-alone or EþP subcohort). Hence, we derived E-alone and EþP hazard ratio estimates from comparisons among women in the same baseline 5-year age group, participating in the same WHI component, and whose length of time since WHI enrollment was the same.
Disease events in the E-alone trial were included through February 29, 2004, when study medications were stopped, giving an average follow-up time of 7.1 years, and, in the corresponding subsample of women in the observational study, through December 31, 2004, also giving an average follow-up time of 7.1 years. Disease events in the EþP trial were included through July 7, 2002 , when study medications were stopped, giving an average follow-up time of 5.6 years, and, in the corresponding observational study subsample, through February 28, 2003, giving an average of 5.5 years of follow-up. We used the best available outcome data, comprised of all centrally adjudicated CHD, stroke, and venous thromboembolism events in the clinical trial as well as all locally adjudicated CHD and stroke and self-reported venous thromboembolism events in the observational study.
We included baseline characteristics in the Cox regression model to control for confounding. The same factors were used for all three clinical outcomes and for both the E-alone and EþP analyses. As reported by Prentice et al. (15) , these factors included age, body mass index, education, cigarette smoking, age at menopause, and physical functioning (22) variables. For each clinical outcome, confounding factor coefficients were estimated separately for the E-alone and the EþP analyses.
Our previous analyses (15) observed an important role for time from initiation of the current episode of postmenopausal hormone treatment in resolving EþP hazard ratio differences between the clinical trial and the observational study. Hence, the analyses presented here estimate hazard ratios for hormone treatment separately for less than 2 years, 2-5 years, and more than 5 years from initiation of the current hormone treatment episode. At a specific follow-up time in the WHI, the time from initiation of the current episode of hormone treatment in the clinical trial was defined as time from randomization; for the hormone treatment groups in the observational study, it was defined by summing duration of the current hormone treatment episode at baseline and time since enrollment in the observational study. A usage gap of 1 year or longer (prior to WHI enrollment) defined a new hormone treatment episode.
The analyses presented here show that E-alone hazard ratios from the clinical trial and the observational study agree fairly well following control for confounding and years since hormone treatment initiation, which was also the case for EþP (15) . However, we also provide for some residual confounding in the observational study in analyses that bring together clinical trial and observational study data. To do so, we include an interaction term between hormone treatment and an indicator variable for observational study (vs. clinical trial) in the Cox regression analyses. This interaction term leads to estimated hazard ratios in the observational study that differ by a multiplicative factor from corresponding clinical trial hazard ratios. This factor is referred to in the text tables as ''HR [hazard ratio] in the observational study/HR in the clinical trial.'' As reported by Prentice et al. (15), we examined the sensitivity of hazard ratio estimates to lack of adherence to baseline hormone treatment or control group designations during WHI follow-up by censoring the follow-up period for each woman in the clinical trial and the observational study at 6 months beyond the time that her hormone treatment or control group designation changed. This decision was based on a woman stopping hormone treatment if she was in a hormone treatment group or initiating hormone treatment if she was in a comparison (control) group.
Hazard ratio estimates from Cox regression models, nominal 95 percent confidence intervals, and two-sided significance tests (p values) are presented throughout this paper.
RESULTS
There were 21,902 E-alone users at baseline in the observational study, constituting 57.2 percent of the 38,313 observational study women who had had a hysterectomy and were not using EþP preparations. There were 421 CHD events in this E-alone group compared with 548 in the corresponding control group of 16,411 women. The women in the E-alone group were somewhat younger than the comparison women (mean age, 63.0 vs. 65.3 years). The CHD incidence rate ratio for E-alone users compared with nonusers was 0.68 versus 0.96 for the E-alone trial, following age adjustment (to the 5-year distribution in the E-alone trial).
Similarly, 431 E-alone women experienced a stroke during WHI follow-up in the observational study, and 408 women in the control group experienced a stroke, giving an age-adjusted incidence ratio of 0.95 for estrogen use versus control in the observational study compared with 1.37 for the E-alone trial. A total of 265 E-alone women in the observational study experienced venous thromboembolism compared with 274 women in the control group, for an age-adjusted incidence rate ratio of 0.78 compared with 1.33 from the E-alone trial. In addition, the age-adjusted annualized incidence rates (percent) for the E-alone control group in the observational study were, respectively, 0.43, 0.31, and 0.23 for CHD, stroke, and venous thromboembolism compared with 0.57, 0.33, and 0.22 for the placebo group in the clinical trial.
Confounding in the observational study may account for some of the discrepancy between the E-alone hazard ratios in the observational study compared with the E-alone trial. For example, after we adjusted for age, E-alone women in the observational study were less likely than women in the control group to be of minority race/ethnicity (15.0 percent vs. 25.9 percent); less likely to be obese or extremely obese (23.3 percent vs. 35.2 percent); more likely to have more than a high school education (78.7 percent vs. 71.7 percent); less likely to be a current smoker (5.4 percent vs. 8.2 percent); more likely to have a family income of $75,000 or more (20.4 percent vs. 13.6 percent); less likely to have a personal history of diabetes (3.5 percent vs. 7.6 percent), CHD, stroke, venous thromboembolism, or overall cardiovascular disease (9.7 percent vs. 12.9 percent); more likely to be physically active (29.7 percent vs. 23.6 percent engaging in four or more 20-minute episodes of exercise per week); and slightly more likely to have favorable scores on various quality-of-life scales (e.g., average physical functioning score of 79.8 vs. 76.4). Table 1 provides information on the prior use of E-alone or EþP at baseline in the E-alone trial and in the corresponding observational study subsample. Corresponding data for the EþP trial and corresponding observational study subsample are given in Prentice et al. (15) .
Hazard ratio analyses
Following control for each of the potential confounding factors (age, body mass index, education, cigarette smoking, age at menopause, and physical functioning), the E-alone estimated hazard ratios in the observational study divided by those in the clinical trial were 0.77 (95 percent confidence interval (CI): 0.59, 0.99) for CHD, 0.74 (95 percent CI: 0.55, 0.99) for stroke, and 0.63 (95 percent CI: 0.44, 0.92) for venous thromboembolism. These results indicate a significant remaining discrepancy (p < 0.05) regarding each of the three clinical outcomes.
The four columns on the left side of table 2 show corresponding hazard ratios and 95 percent confidence intervals from the clinical trial and the observational study for E-alone as a function of time since initiation of the current hormone treatment episode (<2, 2-5, >5 years). These analyses also include the same potential confounding factors. As was found in the corresponding EþP analysis (15) , there is general agreement between these clinical trial and observational study hazard ratios for CHD and venous thromboembolism, but not for stroke. Note, however, the broad confidence intervals for the observational study for less than 2 years since initiation of the time period for each disease, owing to few recent hormone treatment initiators at the time of enrollment in the observational study. In fact, 5, 31, and 385 E-alone users in the observational study developed CHD in these three respective time periods since hormone treatment initiation. Corresponding numbers were 1, 15, and 414 for stroke and 4, 13, and 244 for venous thromboembolism. Hence, neither these estimators nor their confidence intervals are reliable in the category of less than 2 years since hormone treatment initiation. The four columns on the right side of table 2 show corresponding hazard ratios for both E-alone and EþP under a more restrictive hazard ratio model that is common to the clinical trial and the observational study except for an estimated proportionality factor for hormone treatment in the observational study compared with that in the clinical trial. Note that the hazard ratios tend to be somewhat lower in the observational study than in the clinical trial for both E-alone and EþP, especially for stroke, suggesting that the proportionality factor should be retained to control for residual bias. The similarity of these estimated proportionality factors for E-alone and for EþP suggests similar sources of residual bias, supporting the concept that comparison of the observational study with the clinical trial regarding EþP may be useful for adjusting the E-alone hazard ratios from the observational study, and vice versa.
Adjusted hazard ratio estimates for the observational study
The leftmost hazard ratio column in table 3 again shows E-alone hazard ratios as a function of years since initiation of hormone treatment; these data were obtained from analysis of the E-alone subset of the observational study for each of the three clinical outcomes. This information is followed by two versions of corresponding adjusted hazard ratios that arise from joint analyses of the E-alone observational study data and data from the EþP clinical trial and observational study cohorts. Because the E-alone and EþP cohorts were distinguished by the presence or absence of hysterectomy at baseline, the confounding factor coefficients were estimated separately for the E-alone and EþP components, although the two sets of estimates of these coefficients were quite similar and are shown in appendix table 1. The first set of adjusted hazard ratios (adjusted 1) arises from a model in which the same residual-bias proportional hazard ratio factors are assumed to apply to the observational study for * E-alone, estrogen alone; EþP, estrogen plus progestin; HR, hazard ratio; CI, confidence interval. y Years since initiation of the current episode of hormone treatment was defined as the time in years from randomization in the clinical trial and as time from enrollment plus the duration of the current episode of hormone treatment and enrollment in the observational study.
z Refer to the Statistical Analysis section of the text for more information about this factor.
EþP and E-alone. With some exceptions, this observational study adjustment moves the hazard ratio estimate from that based on observational study data alone toward the corresponding estimates from the E-alone clinical trial shown on the rightmost side of the table. The corresponding confidence intervals are widened by this adjustment. The framework of analyzing the three cohorts together allows one to test the suitability of a more restrictive model under which the E-alone and EþP hazard ratios differ only by a proportionality factor across the three categories of years since hormone treatment initiation. There is no evidence against this assumption for CHD (p ¼ 0.77) or venous thromboembolism (p ¼ 0.62) and only modest evidence for stroke (p ¼ 0.13). Hence, the third set of columns in table 3 (adjusted 2) shows hazard ratios under this additional modeling assumption. This adjustment procedure yields hazard ratios that are mostly closer to clinical trial hazard ratios than are those from the first adjustment procedure; differences from clinical trial hazard ratios were evidently attributable to chance. Note that the second adjustment procedure also yields narrower confidence intervals by borrowing more strongly on the EþP data to compensate for the paucity of recent hormone treatment initiators at observational study enrollment. In fact, the precision of the confidence intervals from this second set of analyses adjusted for observational study is similar to that for the E-alone clinical trial, supporting the use of the two independent data sources to more precisely address a range of subset analysis questions. Appendix 2 provides additional detail on the statistical models used in these analyses. Table 4 presents the corresponding sequence of EþP analysis from the observational study and comparison with the EþP clinical trial. Once again, the adjustment procedure, which here considers E-alone clinical trial and observational study data, leads to reasonable hazard ratio agreement with corresponding hazard ratios from the EþP trial, with differences attributable to chance. For stroke, there is evidence (p ¼ 0.01) against hazard ratio functions that are proportional across categories of years since hormone treatment initiation between EþP and E-alone, as is assumed by the second observational study adjustment procedure (adjusted 2), but not for the other outcomes.
To apply the observational study adjustment methods to an important subset analysis question, consider the second * E-alone, estrogen alone; EþP, estrogen plus progestin; HR, hazard ratio; CI, confidence interval. y Hazard ratios are presented as a function of years since initiation of the current episode of hormone treatment. z Years since initiation of the current episode of hormone treatment was defined as years since randomization in the clinical trial and time since enrollment plus the duration of the current episode of hormone treatment at enrollment in the observational study.
§ Adjusted by using EþP clinical trial and observational study data with the factor ''HR in the observational study/HR in the clinical trial'' to allow for residual bias. Refer to the Statistical Analysis section of the text for more information about this factor.
{ Adjusted by using EþP clinical trial and observational study data with the factor ''HR in the observational study/HR in the clinical trial'' assuming that HRs for E-alone and EþP are proportional across categories of years since initiation of hormone treatment.
adjusted observational study analysis for E-alone and EþP in relation to CHD for women in the age range 50-59 years at WHI enrollment (table 5) . Because of small numbers of CHD events in this subset (47 in the E-alone clinical trial, 89 in the E-alone observational study, 54 in the EþP clinical trial, 85 in the EþP observational study), the confidence intervals remain fairly wide. Comparisons of a corresponding averaged hazard ratio over the average 7.1-year follow-up period of the E-alone clinical trial, and over the average 5.6-year follow-up period of the EþP clinical trial, are of particular interest (bottom of table 5). For example, the 0.65 (95 percent CI: 0.37, 1.13) average hazard ratio for E-alone obtained from the adjusted observational study analysis agrees closely with that, 0.70 (95 percent CI: 0.36, 1.34), from a corresponding E-alone clinical trial analysis and with a previously presented (13) summary hazard ratio of 0.63 (95 percent CI: 0.36, 1.08) for this subset from the E-alone clinical trial. As an illustration of the use of clinical trial and observational study data to estimate longer-term effects, the statistical models applied on the left side of table 5 give hazard ratios averaged over a 10-year period from E-alone initiation of 0.69 from the clinical trial analysis and 0.58 from the adjusted observational study analysis. The shorter confidence interval for the latter analysis reflects the more precise hazard ratio estimate for more than 5 years since hormone treatment initiation in the observational study compared with the clinical trial. Appendix 2 provides additional details on calculating these average hazard ratios and their confidence intervals.
DISCUSSION
These analyses indicate that the correspondence between WHI clinical trial and observational study data in relation to cardiovascular disease shows very similar patterns for E-alone, as was the case in previous analysis (15) for EþP. Even though E-alone and EþP preparations tend to be used by different women according to hysterectomy status, this similarity in patterns supports an adjustment to observational study analyses using data on the effects of the other hormone treatment preparation. The adjusted hazard ratio analyses allow the baseline disease rates and confounding factor regression coefficients to vary between women with and without a hysterectomy and, importantly, allow the observational study hazard ratios to include a multiplicative residual bias term assumed to be common to E-alone and EþP. The resulting hazard ratios tend to be imprecisely estimated in the early years following the initiation of hormone treatment. However, the data are mostly consistent with hazard ratios that differ between E-alone and EþP by a proportionality factor that is independent of years since hormone treatment initiation. The precision of the hazard ratios from the observational study adjusted under this assumption is similar to, and hazard ratio estimates are mostly comparable to, those for the hazard ratios arising from the E-alone and EþP clinical trials. Similar to the E-alone clinical trial, these analyses indicate an elevated stroke risk and some early elevation in venous thromboembolism from E-alone and an elevation in stroke risk with a more sustained elevation in venous thromboembolism risk for EþP. CHD hazard ratio patterns are not so evident from these observational study analyses but are consistent with some modest early elevation for both E-alone and EþP. The E-alone and EþP preparations used by women in the observational study were predominantly 0.625 mg of conjugated equine estrogen daily or 0.625 mg of conjugated equine estrogen plus 2.5 mg of medroxyprogesterone acetate daily (table 6) . Analyses restricted to these daily preparations and these doses differed little from those given here. Adherence to baseline hormone treatment preparations in the observational study, or to randomized hormone treatment assignment in the clinical trial, could affect the relative magnitude of hazard ratio estimates from the clinical trial and observational study. Many of the preceding analyses were repeated by restricting the follow-up period for each woman to 6 months beyond the time when her baseline hormone treatment status changed. As expected, hazard ratios as a function of years since hormone treatment initiation tended to be further from 1 than those given above following this restriction, but comparisons between clinical trial and observational study hazard ratios seemed to be little affected.
There are many potential applications of the use of WHI clinical trial data to strengthen corresponding observational study analyses. Included may be analyses that examine the risks and benefits of treatments studied in the clinical trials over time periods longer than that considered in the available trials; analyses that attempt to add precision to clinical trial results in important subsets of a study population; and analyses that examine doses, schedules, routes of administration, or preparations other than those studied in the trials. To illustrate one such application, we used WHI clinical trial and observational study data to adjust observational study analyses of E-alone and CHD among women aged 50-59 years at baseline. The resulting average hazard ratio estimate over a 7.1-year follow-up period agrees well with that from the E-alone clinical trial, and it supports the hypothesis of some cardioprotection from E-alone for younger women. The corresponding EþP average hazard ratio estimate over a 5.6-year follow-up period also agrees with that from the EþP clinical trial.
Our study encourages additional joint analyses of WHI clinical trial and observational study data on a range of topics pertinent to the benefits and risks of postmenopausal hormone treatment. Our analyses also encourage joint analyses of clinical trial and observational study data on such topics as aspirin and heart disease and stroke; beta-carotene and lung cancer, prostate cancer, and heart disease; and vitamin E and heart disease and cancer, where substantial data currently exist from both clinical trials and observational studies. analysis in table 3 involves 18 strata, six age strata for each of the E-alone observational study, the EþP clinical trial, and the observational study cohorts. The modeled covariates in each of the analyses shown in tables 2-5 include time-dependent indicator variables x 1 (t) for hormone treatment (vs. control) for less than 2, 2-5, or more than 5 years since initiation of hormone treatment. Analyses on the left side of table 2 include these treatment variables plus the baseline potential confounding factors x 2 listed in appendix table 1, so that x(t)# ¼ (x 1 (t)#, x 2 #) in separate analysis of the E-alone observational study and the E-alone clinical trial cohorts. Analyses on the right side of table 2 include these variables plus an indicator variable x 3 for hormone treatment in the observational study, which generates the factor labeled hazard ratio in the observational study/hazard ratio in the clinical trial.
The second analysis of table 3 has covariate vector x(t)# ¼ (x 1 (t)#, x 1 (t)#y, x 2 (t)#V 1 , x 2 (t)#(V 3 þ V 4 ), x 3 ), where y is an indicator variable for EþP hormone treatment that allows hazard ratios to differ between E-alone and EþP. The third table 3 analysis replaces x 1 (t)#y with y in the covariate definition. Table 4 definitions are analogous to those for table 3 , interchanging the roles of E-alone and EþP. Table 5 analyses correspond to the second and third analyses of tables 3 and 4, with restriction to CHD and to women 50-59 years of age at baseline.
The average hazard ratios over a time period T years in table 5 are estimated by adding the hazard ratio for less than 2 years times 2, the hazard ratio for 2-5 years times 3, and the hazard ratio for more than 5 years times T ÿ 5, and dividing by T. The corresponding asymptotic variance is calculated from the variance estimator for the regression parameter estimate from the partial likelihood (21) by using the delta method.
